Diabetes mellitus (DM) is a common chronic disease with an increasing prevalence, affecting general and oral health, with several oral manifestations. A bidirectional effect of diabetes and periodontal diseases has been reported by many researchers.
appropriate antibiotic use.
What are the implications for research, policy, or practice?
With DM prevalence increasing, implementing routine dental screening to increase awareness of the relationship between oral health and DM, and address health issues is needed.
Background
Diabetes mellitus (DM) is a chronic disease with an increasing global prevalence. According to World Health Organization (WHO) statistics, the prevalence of DM has increased almost 4 times since 1980, with 422 million people diagnosed with DM reported in 2014. 1, 2 Moreover, the prevalence of DM has doubled among adults aged >18 years old. 1, 2 There are an estimated 174.8 million adults
with undiagnosed DM, with most living in developing countries. 3 Given this high and increasing global prevalence, it is extremely likely that dentists will continue to encounter an increasing number of DM patients.
There are many major long-term DM-related complications that can develop, including diabetic nephropathy, retinopathy and the potential risk of blindness, and heart disease and stroke. 4 Similarly, people with DM are at greater risk of developing oral health-related complications. DM increases susceptibility to bacterial infection, decreases the ability to combat infection, and can result in a reduced blood supply to the gingiva, a dry mouth, and reduced saliva flow, causing tooth decay and plaque build-up and adversely affecting quality of life, particularly when poorly controlled. 5, 6 Improving oral hygiene has been shown to aid in controlling blood glucose levels. [7] [8] [9] [10] Improving knowledge and understanding of DM, and enhancing awareness of the disease, is important to change patient attitudes towards oral health, to motivate patients to seek early treatment when needed, and to help control blood glucose levels. 8 Dissemination of information and increasing awareness are essential to prevent and control the disease. A lack of knowledge and motivation may lead to further deterioration and result in complications; however, few studies have addressed this issue. In 2015, Arunkumar et al. 8 measured patient knowledge and awareness concerning the effects of DM on oral health and found that only 10.8 per cent of the study participants were familiar with the effects of DM on oral health, and that only 13 per cent had been provided with information by their dentist concerning the risks of oral complications and the importance of regular dental care. 11 Other studies have also demonstrated limited awareness of oral health complications associated with DM. 9, [12] [13] [14] Early detection and treatment of oral diseases, such as dental caries and periodontal disease, is important in protecting patients with DM from harmful DM-associated oral complications. 8, 15 Patient education and positive reinforcement may encourage patients to follow oral healthcare regimens as it has been reported that nonadherent patients to oral hygiene practices lack awareness concerning dental health. It has been reported that people who consider themselves susceptible to oral disease will undertake more preventative dental visits. 16 Therefore, it is essential to motivate people to seek preventive dental care for early detection and treatment of various periodontal diseases and caries. Consequently, this will limit oral complications and complex treatment.
Few studies [11] [12] [13] [14] have been conducted on the awareness of certain oral health aspects and the association of DM on oral health. Therefore, the aim of this investigation was to measure public knowledge and awareness concerning: (1) the bidirectional association between DM and oral health, and (2) the most common oral manifestation of DM in relation to demographic data, having a diagnosis of DM, and having a first-class relative with DM.
Method
A cross-sectional study was designed to assess public knowledge, awareness, and attitudes to knowledge of DMrelated oral health. A structured questionnaire using multiple choice questions was developed in Arabic and consisted of two parts. The first part included sociodemographic questions concerning age, sex, occupation, educational level and whether the respondent had been diagnosed with DM or had a first-class relative diagnosed with DM. The second part was designed to measure knowledge and attitudes to DM-related oral health. The questionnaire employed a five-point Likert scale, with potential responses ranging from 'strongly agree' to 'strongly disagree'. The questionnaire was designed following a careful review of the relevant literature. First, a pilot study was undertaken, and we questioned 25 individuals with different characteristics to assess clarity and feasibility of the questionnaire. Results of the pilot study revealed that the questionnaire was easy to understand and took approximately between 5 and 10 minutes to complete. Therefore, no further adjustments were required. A questionnaire created using Google survey forms was distributed thereafter to a convenient sample group through social media outlets such as Twitter and the WhatsApp application. Data were collected over the period from 18 August to 4 October 2017
Statistical analysis
The data were collected, coded, and entered. Figure 1 .
Figure 1: Respondents' demographic data
From 190 respondents, 20 (10.5%) had a diagnosis of DM, while 132 (69.5%) reported having a first-class relative with DM. A total of 106 (55. 8%) respondents were using multiple sources to obtain information, followed by 18.7% of respondents obtaining information from their doctors. Data are presented in Table 1 . 
Questionnaire data
The questionnaire results are summarized in Table 2 . Approximately three-quarters (70.6 per cent) of the respondents agreed that there was a relationship between DM and oral health, and 73.2 per cent agreed DM had a negative effect. A substantial percentage of respondents (46.9 per cent) believed that periodontal diseases had a negative effect on glycaemic control. More than half (66.8 per cent) considered that DM had related oral manifestations, and 42 per cent confirmed that the dentist could initially identify undiagnosed DM. Almost threequarters of the respondents (69.5 per cent) considered that DM may cause a dry mouth leading to oral infections, and 60.5 per cent considered that individuals with DM were more likely to have periodontal diseases. In contrast, onethird of respondents answered that treating DM patients with a blood glucose level <70mg/dl was possible, and 39 per cent considered DM may cause numbness and a burning sensation in the tongue. A considerable number of respondents (43.7 per cent) considered that individuals with DM should take antibiotics after tooth extraction, and 33.7 per cent considered that antibiotics were required prior to extraction. Regular dental visits, and informing the dentist concerning the level of DM control, comprised the areas of most agreement, accounting for 90.5 per cent and 90 per cent, respectively. On the other hand, whether to treat patients with DM and high blood glucose levels (>200mg/dl) was the area of least agreement.
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The Tukey post-hoc test and ANOVA demonstrated a significant effect of age on the belief that patients with DM could be treated if the blood glucose level was <70mg/dl. Respondents aged between 26 and 30 years old were more likely to disagree. Respondents aged between 26 and 30 years old were also more likely to believe that DM may lead to dental caries, while those respondents aged >41 years were more likely to consider that antibiotics were required after tooth extraction. Concerning education, those with a college education or higher were more likely to agree on morning appointments, and that dentists could identify undiagnosed DM. Those with postgraduate education were less likely to consider that antibiotics were required after dental extraction and were subsequently less likely to agree on the success of implants for an individual with DM. Occupation was also found to have an influence. Those employed were more likely to acknowledge an association between DM and oral health, the negative effects of periodontitis on glycaemic control, and the advantages of morning appointments for individuals with DM, as well as those patients with DM could be treated even if they had been fasting. Healthcare workers were more aware of the negative effects of DM and the effects of DM on dental caries. They were also the least inclined to consider administering antibiotics prior to or after dental extraction. Those with DM were more likely to acknowledge the effect of DM on periodontal health, and to disagree on whether morning appointments were needed for patients with DM, and whether treatment should occur after fasting more than two hours. Individuals with DM were also more aware of DM-related oral complications (Tables 3 and 4) .
Having a first-class relative with DM had a significant effect on being aware of the oral manifestations of DM, including dry mouth, dental caries, and infections, but these respondents were less likely to know about the effects of DM on oral health and the likely success of dental implants.
Discussion
Measuring knowledge levels and knowledge gaps among the general population is essential. Health education is intended to improve both quality of life and cost effectiveness. 17, 18 Studies that are not sufficiently robust or that lack evidence affect health education and, consequently, individual health, awareness, and prevention. 19 In contrast to numerous studies 9, 13, [20] [21] [22] The moderate awareness of DM in relation to oral health in our study may be explained through the use of multiple sources to obtain information, as the results indicated that most of the respondents used multiple sources, including information provided by their doctors, when searching for information. It has been shown that patients who were educated by their dentist or physician had a better attitude and superior oral care. 13, 22, 23 In addition, those with DM who had searched for information were more likely to know about DM-related oral complications. 23 Similar to a study by Fenwick et al., 26 our study indicated that age, education level, and employment status affected knowledge and awareness. Employed respondents were more likely to know of the association between DM and oral health. Unemployed respondents and students were least likely to know of the effects of DM on oral health, the association of gum disease and glycaemic control, and glycaemic control and the importance of morning appointments. Targeted education should be considered when designing healthcare programs and should include both physicians and dentists.
Several respondents considered individuals with DM should take antibiotics after dental extraction. This was particularly significant among students. Healthcare employers were less likely to agree on whether to take antibiotics after dental extraction. This indicates the importance of education concerning antibiotic use for individuals with DM.
In contrast to several studies 8, 27, 28 our investigation demonstrated that individuals with DM and those with firstclass relatives with DM were more likely to acknowledge a susceptibly to gum disease, dryness of the mouth, and a diminished wound healing capacity. This finding has also been supported in previously reported literature among individuals with DM. 9, 13, 23 Despite the respondents' knowledge of some of the oral manifestations of DM, approximately half the respondents answered that a dentist could not initially diagnose DM. 29 This may reflect a limited awareness of the role of dentists. The British Society of Periodontology and the Diabetes.co.uk campaign (2017) highlighted the role of the dentist concerning glycaemic control, and introduced the three A's: Ask, Assess, Act. 30 Bartold and Phillips (2008) emphasized the dentist's role in the management of DM [AMJ 2018;11(11):509-518] through a "Team Care Arrangement". 31 Knowledge of the relationship between oral numbness, dental caries, and DM was limited. Most of the respondents did not know whether there was a relationship. The shortage in community programs plays important role in lack of awareness. Reducing this knowledge gap may decrease morbidity. Awareness of such complications may also enhance DM prevention and cost effectiveness. So the dentist and the physician should increase the efforts in advising and supporting patients.
While our results showed a reasonable awareness of the relationship between DM and oral health, areas of knowledge deficiency remain. Some studies have reported a higher knowledge concerning systemic complications than oral complications among patients with DM. 8, 20 It is possible that individuals with DM view the disease as more serious than periodontal diseases. 28 Another reason may be due to a lack of physician awareness, with fewer dental referrals and education consequently. 29 Targeted education using different routes to disseminate essential information is required. Long-term programs are also recommended as they have been shown to increase information retention.
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Dentists and physicians have an important role to play in improving patient knowledge regarding oral complications and their effect on quality of life. Moreover, it is recommended that referral to a dentist form part of the overall DM treatment protocol.
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Conclusion
A knowledge gap was highlighted in this study. Targeted health education is recommended, as demographic data showed knowledge and awareness deficiencies in the relationship between DM and oral health. Greater attention and education is required. A DM-specific health education program should involve both dentists and physicians. Health education should be performed by both physicians and dentists during follow-up appointments. These findings may have important implications on prevention, morbidity and financial burden of treatment. 
